] i increase in the human hepatoma ceils is essentially dependent on the Ca 2+ storage in ER.
] i measurement in cell populations revealed that EGF triggered a rapid [Ca 2+ ] i increase in the dose-dependent and time-dependent manner. Pretreatment of cells with an endoplasmic reticulum (ER) Ca 2+ -ATPase inhibitor, thapsigargin (TG) at 100 nM concentration for 20 min, completely abolished EGF-induced [Ca 2+ ] i increase, and chelating extracellular calcium by excess EGTA partially inhibited the increase. Furthermore, the expression of antisense EGF receptor sequence in BEL-7404 cells suppressed the [Ca 2+ ] i response to EGF. The results suggest that EGF receptor-mediated [Ca
INTRODUCTION
Epidermal growth factor (EGF) and its receptor are key regulatory components 1 . The project is supported by China Postdoctoral Science Foundation and Shanghai Joint Laboratory of Life Science Foundation of cell growth and differentiation in a variety of cell types [1] . The EGF receptor tyrosine kinase-mediated signal transduction pathways have been suggested to play the pivotal role under either physiological condition or pathological condition, for example, cancer. Among the multiple signal transduction pathways, EGF induces the intracellular free calcium ([Ca 2+ ] i ) increase in several cell types, but the underlying mechanism is so far unresolved. In some situation, the [Ca 2+ ] i response has been considered to be linked to the hydrolysis of polyphosphoinositides by phospholipase C γ , which is activated as a result of phosphorylation on tyrosine residues by the EGF receptor tyrosine kinase [2] . As a consequence, the second messengers 1,2-diacylglycerol and inositol-1, 4, 5-trisphosphate are produced. The former activates protein kinase C and the latter releases Ca 2+ from internal stores in endoplasmic reticulum [3, 4] . Besides the induction of internal Ca 2+ release, EGF induces the Ca 2+ influx through the plasma membrane in some cell types. In these cells, the activation of the Ca 2+ channels by EGF stimulation is independent of phospholipase C, but mediated by the activation of phospholipase A 2 [5] . In the previous studies, we have demonstrated the EGF receptor gene expression and mitogenic effects of EGF in cells of a human hepatoma cell line BEL-7404 [6] . We have recently obtained a cell clone, which constitutively expresses the antisense EGF receptor sequence, from BEL-7404 cells [7] . These cell lines might be useful for studying the signalling of EGF.
In the present study, the effects of EGF 
MATERIALS AND METHODS

Materials
Fluo-3/AM, fura-2/AM, thapsigargin were perchased from Sigma (St. Louis, MO, USA). EGF was from Gibco BRL (Gaithersburg, MD, USA). All other chemicals were from commercial sources.
Cell Culture
Human hepatoma cell line BEL-7404 cells and an antisense EGF receptor-expressed cell clone derived from BEL-7404 cells were grown in Dulbecco , s modified Eagle , s medium (DMEM, Gibco, Grand Island, NY, USA) supplemented with 13 % fetal calf serum, 100 μ/ml of penicillin and 100 μg/ml of streptomycin in 5 % CO 2 incubator. After being cultured at 37 。 C for 48 h, the cells were kept in the serum-free medium for 24 h before the determinations unless otherwise indicated. -free Hank's solution for 3 min. After centrifugation at 250 × g for 3 min, the cell pellet was resuspended in 1 ml of the assay buffer. The fluorescence of individual cells was measured using a FACStar Plus flow cytometer (Becton and Dickinson, CA, USA). For each assay, 2,500 cells were examined and the mean value was taken. All the data were recorded and analyzed using specific FACStar research software. The change of [Ca 2+ ] i was expressed as △F/F (%), the percentage of actual fluorescence to the control fluorescence level in unstimulated state. ] i , in a dose-dependent manner, with the maximal dose around 300 ng/ml (Fig 1) . Different doses (from 3 ng/ml to 300 ng/ml) of EGF produced different magnitudes but similar kinetics of Ca 2+ signals (see Fig 1, inset) . Therefore, in the following experiments, the maximal dose (300 ng/ml) of EGF was used unless otherwise indicated. Single-cell [Ca 2+ ] i measurement in fura-2-1oaded cells revealed that EGF (300 ng/ml) induced the transient [Ca 2+ ] i increase in BEL-7404 cells (Fig 2) ] i increase in human hepatoma BEL-7404 cells (Fig 4A) . In the Ca 2+ -free assay buffer , TG also induced some [Ca 2+ ] i increase but to a much less extent (Fig 4B) ] i measurements either through the addition of EGF (300 ng/ml) to suspended human hepatoma BEL-7404 cells pretreated with TG (100 nM) for 20 min or through the addition of TG (100 nM) to the cells pretreated with EGF (300 ng/ml) for 10 min. The data showed that the pretreatment with maximal dose of EGF (300 ng/ml) for 10 min exhibited no inhibitory effect on TG-induced [Ca 2+ ] i increase, whereas preincubation with TG (100 nM for 20 min) completely inhibited the EGF-induced [Ca 2+ ] i increase in these cells (Tab 1). were recorded after the application of either EGF (300 ng/ml) or TG (100 nM ) for 1 min. (3), After the preincubation with EGF (300 ng/ml) for 10 min, without washing, the assay buffer (100 μl) was added in (a) and TG (100 nM) was a ] i increase than that in BEL-7404 cells for an unknown reason. When JX-1 cells were serum-starved for 24 h, the [Ca 2+ ] i response to EGF stimulation were nearly abolished (Fig 5) . Without serum-starvation, the EGF-induced [Ca 2+ ] i increase in JX-1 cells were inhibited by 29.5% to 50.3% in the presence of different doses of EGF (data not shown). 
Measurement of intracellular free
RESULTS
EGF induced [Ca
DISCUSSION
The use of fluorescent indicators sensitive to Ca 2+ and readily introduced into cells represented a major advance in the measurement of [Ca 2+ ] i . The first of these, quin-2, has been largely superseded by fura-2 [9] . Fluo-3, a more recent derivative, has the major advantage of having an excitation spectrum that is visible and thus does not require expensive quartz optics [10] . In the present study, a combination of single-cell ] i increase in the human hepatoma BEL-7404 cells are essentially dependent on the Ca 2+ storage in endoplasmic reticulum and the internal Ca 2+ release might be followed by the Ca 2+ influx. The effects of the cellular Ca 2+ movements on either cell growth and apoptosis in these cells are worth studying further.
